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MEMORANDIM T0s Director of Defense Research and mg:l.nurl.ng

SUBJECT: Review and Recommendations of USAF Satellite
Reconnaissance Project SAMOS

I, GENERAL - Backpground Information

Ae During the past several months, deliberations and studies concerning
the various aspects of the S8AMOS Program have been conducted by many groups and
individuals. The national nature of this program, mdthohishimtmcafhnt
the many potential %\Ym the program, indicates that any review must
consider the program as a vholo in order to be most effective. Recemtly, there
has been evidence of a revised doctrine of the SAMOS Program, obtained in informal
discussions with members of the Office of the Secretary of the Air Force, and as
seen in such directives as the Wilson letter to the BMD. However, in the meantime,
national and international affairs have forced a new urgency, coupled with a
frantic npectancy, for a project whose techmnology has been both ovmtltod and
underdone, ﬂm;-th..ldvilozyﬂmphaaltt-ptad tom various reviews
of the current status of this work into the present Document,
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II, GENERAL - Political Considerations . _

Ae The universal appnoatim of satellite reconnsissance have not been
fully recognised, World-wide mapping, dissster and rescue surveys, geological
search, wveather and &

" analysis waming, peas y.le inspection »and disarmagent
control, are all possible functions of satellites, “'nn sclentific results are,

of course, also of very great importance to-menkindie-best-imterests, .

B. dSelkdicy] approval to conduct operations is, and will contimue to be,

a serious probles. The situstion mist be such that the progrsm will be scoeptable
politically — initially, oo a U.S. National basis, and later, on an international
basis, This includes favorable indoctrination of the public, operational and/or
executive control by an organisation capable of sponscring both military and
civilian peace time utilisation of SAMOS, and of expeditiously and effectively
exploiting the end results. Eanstiie |

Ce The U.S. cannot afford two R & D programs of this type; and the results

XY

of this program will be of priority interest not only to the USAF and the DOD but
to the entire intelligence commnity and the nation. i

Political approval to accomplish satellite recounaissance will depend

ultimately upon the degree that the conditions of universal application are met

K T ¥

by the SAMOS system. Mo
De The wilitary and civilian requirements are compatible —- at least, from ;

themnpdntotviﬂ-mdaclo“rdlﬂmuiunudtobo-ubnghdbmmii'

3

the Departaent of State, NASA and the DOD as to the mxploitation of BD results,  ..°

E. Effective and expeditious exploitation of the SAMOS material requires :*
that the data reduction be accomplished simmltsnecusly by or in cooperation with . .
all interested agencies utilizing reference material from all availsble scurces N
and programs. Emphasis by the individual agencies should be consistent with

their priority aress of interest and their respective assigned roles and missions, -,

]

This indicates that existing facilities and agencies should be used, or that ;*
¢
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immediate action should be taken to prepare sn adequate facility to accomplish
this task if existing facilities are inadequate. |
e ,

to the initiation of new programs or establishment of new organisstions., A new

program with its inherent uninown and initial problems is not consistent with the j
national urgency attached to the program. M solntion of existing and :
current problems, on & technical and mansgement level, is recomsended on an *
expedited basis in order to obtain an early intelligence product, The emphasis {
on new R&D crganisstions, new rocket developments, etc., that are mot directly '
sssociated with the primary mission of the system will tend to dilute or degrade _ f
timely receipt of usable end products. Money and effort should ?o used to clean E ”?
up, expedite, and improve the existing program; and greater effort should be g
placed on cbtaining improved end results, qualitatively and quantitatively.
Ge All of the above indicates that the progrsm should be under the ' *&
executive control of a national or joint organization that has an international tf-,'.;,
growth potential, j?:
Ho Reccmmendations 5
(1) It is recommended that the DOD recommend to the NSC that executive i
He

responsibility for general gnidmo/opmﬁ.oml plans and polic:l.u/ and establishment p
A

of operational priority, in both the civilian and military applications of SAMOS, v,

L S B R s L L

£ Do D > .
be placed uither under the Jo8 or under an existing DOD office such as Office g
L P )
) }?‘ ‘ &Po . :.5::.."
(a) managing the R&D progrem . .
{b) operating the military part of the operational program
either openly or under cover of a civilisn mission,

Secretary of Defense, Office of Special Operations.
(2) The USAF be given the task of

(c) making svailsble both the raw and the anslysed dats to all
US agencies designated by the Exscutive Office, whose Rt



establishment is recommended under (1) above,
(3) .The Exscutive Office’; owfe ¥, should examine the possibility
of Iccmpl.ilhilg. data reduction by a "oint Sstellite Processing and Data Reduction

Center® thst d combine ting facilities, such as, Satellite ng
Center Sannyvale, ornia, The ssance Pacilities
at Yéstover AFB, the Wooldridge facilities at Denver, etc. |
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l. Review
1. The official requirements for reoonm:l.sn;m satellites have

undergone a most importsnt change in the last year. Before analyzing the present
(July 1960) situation, it is worth listing here for future dis?mu:l.on some of the
interpretations presented by the USAF in official and unofficlal briefings.

2. The use of satellites as warning devices was considered basic
mtil just a few months ago. To give effective warning (assuming that this were
possible), a large number of satellites (10 to 20) would be required to be in
orbit at the same time, with practically instantanecus transmission of pictures
required (Subuym ®g"), and accompanying large scale data handling effort on
the ground, (Subsystem ®I*) (Ref. Annex Ai).

3. It is worth noﬂ.ng that.. the large expenditure in data processors
is indéed correct sccarding £o the concurrency M utd};to/
re:onmismce systn capable of giving wuning -//Wv

4. The effect of weather, of orbit geometry, resolution, and economic
factors have been forcefully emphasized by a mmber of technical groupe and, as
a consequence, the feasibility of the original scheme has been shown to be both
problematic from a technbal point of view, and almost impossible from an economical
point of view, ‘

Se The disappearance of the warning function as a fundamental part of
the design dbasis is an event of recent occurrence., The necessary changes in the
form of instructions by the BMD to the contractual set-up seems to have lagged
the USAF accepted change in doctrine. |

6. We should note here, before it is forgotten, that it is this
erroneous concqjt that put emphasis on readout rather than recovery, that brought
sbout a large expenditure on data pro#csaing deviges, video links, digital
computers and so. on == all of which may coﬁced.ubly turn out to be useless,

5
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7o TUnless the change in doctrine is recognised by all responsible
parties as a correction to a previcus error, some of the mistakes of the past will
be compounded rather than eliminated, ,

8. Another error, still present in the Project system, relates to the
lack of proper dissemination of Project information. In the early parts of the
program, a determined and umwarranted effort was made to reduce the flow of
information on SAMOS to the intelligence commmity with improper use of the

f‘}w lad
need-to-know security rules. The situation has improved, butﬁinmfticient

appreciation is-stili-being-given—to-the-feet that SAMOS is a national rather
than an Air Force project. The USAF, eesdrestées—el_iha-countax, owes to all
interested intelligence agencies periodic and cand:l.d reports on its intentions,
plans and achisvements. As stated herstofore, the SAMOS capabilities go far
beyond merely providing intelligence information; and this fact contributes
further to the responsibility of the Air Force towards meeting information needs
other than its own intelligence requirements. |
B. The USIB July 1960 Document

On July 5, 1960, the USIB re-affirmed the requirements for SAMOS. An
analysis of the document brings out the following facts: |

(1) The Wmt for satellite reconnaissance is important and

contimous,

(2) No warning capability is expected; rather rebnt coverage with
intervals of one to six months if required, some targets may need to be re-examined
at closer intervals, |

(3) Optical resolutions (Subsystem "E®) at 20, 'oet are required
to be acceptable,

(4) Very flexible ELINT devices (Subsystem "F't) are desired with
auphasis on R&D, The only detailed target requirements given at this time are

6
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those calling for identification, localization and analysis of key electronic emitters

(5) Prom a visual or optical satellite two capsbilities are nee
Paraphrasing the USIB notes, the following appear DeCessary:

(2) A quick solution of the survelllance problem is nesded before
1962 taq find missile bases under construstion,

(b) A contimuious operational capability aimed at the high priority
targets, and both continucus surveillance and a directed
recommaissance (when the weather is suitable) are needed,

(6) &NT collection (Subsystem "F®) is not clearly wanted until bgttgr
data are avilable on the capabilities of the system,
Ce 'There will be a cont:l.quing requirement for photographic and ELINT coverage.
As the state of the art permits and as the accuracy, types and numbers of weapons
systems increase, the accuracies and detail required in the end products will become
increasingly greater, %me 2

Progrur WY 18 not Provided-for.in axisting-teshnicsl-dexelopmant-progrens, -
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d¢ The USIB requirements put a great deal of emphasis on an early capability
for the detection of missile bases under coustruction in the period 1960-1962. They
mopdntmtthenmadwtoraomumingﬂnﬂmdnmnfhoyeir-to

come with resolutions of 20t, 5% oot.
B, The requirement for an early capsbility does not specify the resolution
necessary, but it is clear that for the detection and identification of missile
T Y VS8 Ctomada '
bases under construction, 100! resolution .

L el
Since detection rather than reeogniuoﬂ‘-y be the only possible result of 100t

resolution,
jgu_].géj.._.. The necessity exists therefore, of carrying on simmltaneously an -
BAD progran stwed-eb—tire-opertiCHEl CEpADitity—after-1961; sad a “crash® program witl th
Sog )‘oo obta:}ﬁsual information of important current intelligence value,
C. The following sections of the report will be aimed at cbtaining these
results. In this introductory paragraph it must be enpﬁu:l.sed that the program
suffers from original conceptual errcrsand that this report is attempting to make
maximm use of results already obtained,
D. According to the previous considerations, Jf spd Early E2 payloads are

.

tb-hathg":m to:obtaining miydfcqwmw”rw_mwfhom. Vv
There is a chance that additional types of payloads may become available by the

end of 1961, but this is not considered as important as the RLD program which is
recommended below, |

E. It is fundamental to this program that the recovery problu be solved

at all costs, independently of sny operational take, If this is properly done,
it is felt that a solution can be ohtﬂned in time to contribute effectively
to meeting the USIB requirement for detection of missile bases in CY 61-62,

4
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. mwmtummdt&mmthvobm
based on unrealistic warning capabilities and the claims perteining to system
capabilities were onggu-ntod. However rnmt. is undonbtad]: satisfactory for
all the F applications excepting perhaps some advanced v:l.doo reccrd:i.ng capabilities, .

G, Other problem areas in the readout system requiring technical studies
to obtain the proper answers ares

(1) e “start-up® problem after computer failure and after down time
for normal maintenance, particularly if a number of satellites are used
simltaneocusly.

(2) e accuicy of the tracking information to properly progru the
camera., Specific problem aress are camera orientation, focusing, exposure control,
image motion compensation, and camera on-off times,

(3) The possibility of jasming and the effects of a high density
electronic envirorment (Vandenberg T & A station) on the quality of the
transmitted picture, |

(L) The possibility of intercept of a continuously orbiting reconnaissance
vehicle and the restraining effects of a strong dijfimatic protest,
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v. m-kccavﬂ:

de In contrast to assertions of last year that Discoverer recovaries were
either %on hand or on arder ® it is necessary to conclode that the recovery sfforts '
up to now have failed completely. Accordingly it is proposed that simplified pay-
lmwmeMMMnuduhm

LT,

devised far prolific studies of cbject recovery from orbits in space. -

B. These experiments should involve both land and water recoveries. They :
ought to be charactarised by simple but ressomsbly precise instrumemtation to
deterxine the physics and mechanics of the separate stages of recovery. Thus, for 1
instance, decrbiting behavior should be clearly distinguished from pre-exmtry and i
re-entry activity, Without extensive techmicsl information like this, arderly and 3
continuous recovery of a useful product cammot Monﬂ; be anticipated, ":‘.

C. We believe that one of the fundamental reasons why recovery bas not been
successful up to now, and if successful, unlikely to be continuously successful, is ":.

5

the process through which the Air Force bas gone in achieving the desired result.
Ve believe that the allotment for the hlme camnot be easily mede to one oomtractar .
or contracting agency. We do believe, howsver, that over and over, the influence
onthenawehanddmlopmhrwwuwwmuuuﬁym if"éc
w.kimotmcbhtnh,mhlockodthotochnicdmmuotthmmm Fry

D. It is felt that the present prime contract responsibility is being well **
borne technically, However, the R & D demands are so urgent that additiomal E
assistance, probably on a test and engineering scale, is mecessary. In this wey
M critical issues as parachute and other re-smtry facilities can be developed ‘i,
vithout unbalanced effects on the development of the pylosd itself, It is fadt
that a contract situation must be crested where the solution of re-entry problems ;".:ﬂw
is reasomably decoupled from modifications in the paylosd, Far instance, the design

e
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changes introduced four times in five weeks in parachute improvements sppear to be
mixed up with other problems of signalling retro-rocket activity, position comtrol,
and so forth; vhile there are inevitable comnections smong all these, critical stages
must be separated. The rather subtle point is that technical development experience
shows that components of a system invariably suffer in quality when they are developed
in the am—. Only after independent recovery components, including parachutes or
other slow-down mechanisms, have succeeded should they be coupled into a specific
SAMOS function. This situation would of course be different if anyone had ever re-
ot arything. As it is, the mesent regime umbm'-tiort,- Farsday's
capacitor for the first tims during the construction of amcENiNEtyweeh computer,



Vi WEATHER .

A. Bad weather and darknen negate the possibility of obtaining p‘otograplnc
coverage utilizing either readout 6: recove ry systems. As pertains to darkness the
time of year and the latitude ‘Will determine when photographic coverage can be obtained,
& pértaiiu to weather the studies that have been conducted were based on statistical
averages a.nd can only be used for long range planning purposes. Based on these studies,
any conclusions made relative to the amount of coverage or the length of time to obtain
total or specific area coierage. umiér actual operational conditions are invalid. Weather
is continually chmginM there is fo assurance that a c:ntinuoully orbiting satellite
will be in the right place at the right time. Large areas free of cla.uds.' haze, and
smoke occur in'frequently (once or.tv'vice"xonth dependent on the season of the year),
and persist for relatively short peri‘l of time (approximately two to three days). The
SAMOS readout system is not capable of fully exploiting large cloud free areas because
of its narrow swath and because of its readout limitations. A recoverable panoramic
package l;unchea at the proper time and recovered at the end of 48 or 72 hours could
fully éxploit the good weather area. In addition, studies have indicated that a 70-mm
panoramic camera :e_covéred in 24 hours will show a gain of coverage of 6 to 18 over
the E-2 iyltem. operating for the same length_, of tj.me. ‘because of readout limitations.
In terms of infor content the gain is 'bet‘ween 260 and 850 depending on the width '7'
of the fiﬁn uled.ml’.! case of areas that are cloud free only one or two days a year,
the advantages of one recoverable package launched at the appropriate.time as compared
to a number of continuously orbiting readout packages are apparent. On the other hand,
the loss of coverage during cloud free areas may result in a delay of months before the
opportunity would exist again,

B. A comparison of the .eifects of weather and the gumber of days required

to obtain coverage using various types of orbits and different swath widths is shown in

Annev E, SIERI l
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VII. A, GENERAL PHOTOGRAPHIC

p

2.

3.

b

5e

The spectacular publicity given to the SAMOS program, and
the exaggerated claims as to capabilities have sericusly
Jeopardized the utility of the system. If—dbirts~rund—is

precentions~ere-nod~taken. It is strongly recomeded thet in
the future sll publicity releases be rigidly comtrolled,

studies mdprogmdtoﬂdcom&empmdot

L S

Education of the public, releases concerning program status on

‘a delayed and pre-plamned basis as well as releases concerning

the current state of the art must be; tharoughly studied sgreed

to and understood by . appropriate Depariment of Defense and
Department of State officials, The resulting plan must be approved
at the Executive level and strictly a&eﬂdtobyaulmmo
Apmblnoflmgstmﬁmmdmﬁmdmhtoth

SANOS program, particularly as pertains to the -5, is: Design

the configuration of the. vehicle to accommodate .tho primayy

mission capability or design the primary mission capability to

fit the vehicle, rqu'dleu of cuprod.-u.

Itiateltﬂmttoo-mh -phuilhubungimtothocapnh

requirement and not encugh to the psyload requirsment. As psyloads oy

become more sophisticated in order to meet the USIB requiremsnts,
the above problem if not resclved in favor of the primsry mission



6.

Te

capability; may prevent or delay mission accomplishment.
Any follow-on or bsck-up program to the E-5 should represent

‘significant improvements in coversge, resolution or scale,

and be ready for RiD testing in mid CY-1961. |

A contimuous worry in the analysis of SAMOS has been the effect
that the clamor for early intelligence take has had on ths orderly
conduct of the program. With a mmltitude :f::ecbn:lquut
required, the interference with the resesrch and development

has had serious effects; specifically, the difference between »
- research snd development concepts and an operational cmcepts.
Examples- Consider the case of an El payload sent in orbit for
the first time. From the point of view of research and development
this is a major stepping stone and information to be cbtained from
it is of the utmost importance. From the paoint of view of
intelligence the 100* resolution is insufficient to make the
results of particular si.guificanqe. For this reason, one could |
state that 955 of the usefulness of the mission would be acquired
uthelmandﬁhorthecmummhjoctedtouum
light and did not view the terrain. In fact, the first El
satellite will carry film exposed and developed,film exposed

but not developed, and film to be exposed, Information obtained
by the readout system on these films represents more than 90%

of the information required from the research and development
point of view. The fact that one could also look on the ocutisde
and get some incidental intelligence from the terrain below,
appears tc. a research development minded organisation an interesting
but not overly important by-product of an ocutstanding R&D
achievement.,

—SECRET —
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VII. B, B-1 SYSTRM |

1. The B-1 is a strip camers With a 6% focal length lens designed
to operate at 260 statute miles, With the 70 mm format and 100 11/m DBR (Av.
weighted ares resolution) it is reasonsble to expect a basic ground resolution
of 100%. To realise this 100¢ the IMC must be within 5% becsuse of the long
«xposure time of 1/25 second, Since the orbit will be elliptical, thie point
should be studied carefully. _

2, ‘The B-1 system is less complex and much more workable than the E-2
.mt-. Its design makes it a ooverage tool (100 mi, wide strip). It is felt
that it has limited “seeing® capability since after resdout the recognition of
objects will optimistically be limited to 300%. Strip camerss are not useful for
mapping but approximate measurements of small cbjects detected are possible,
Barring weather considerations, this satellite could cover Russia in about ten
days. This is not & very meaningful statement, but weather and darimess play
vitally important roles.

3. The quantitative aspects of the readout problem are not as critical
in the E-l1 as in the BE-2 aystem. The qualitative aspects in terms of degradation
due to transmission, reproduction, and system complexity (reliability) are the
same as for the E-2, |

ke ‘There is an RaD advantage or carry-over value from E-1 onto E-2
in that the image formation, in-flight processing, scanning, transmission, etc,,
are the same., The degree of succeas of the B-1 program will define better than
any other system study the final destiny of resdout programs,

5. The questionable resolution of the end resulis cbtained from this
system and the great need for recomnaissance-intelligence information from
satellite vehicles for evaluation purposes and future RKD guidsnce are conﬂ.d.red
to be f.h§ major problem areas,

—SEHH\‘
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6. Te E-1 package is part of the component test vehicle and will
be tested simaltanecusly with the F-1 paskege.
7. There is limited power supply available (approximately 15 days
depending on the smount of operation planned for each package).
8. The film of the B-1 when lsunched will be in three differemt
conditions:
(1) exposed and processed
(2) exposed and not processed
(3) not exposed and not processed
This will allow for the systematic evaluation of the three major functions of
the system in flight. }
9. Three component test vehicles are scheduled as follows:
September 1960, March 196§, and January 1961.

VII. C. E=~2 SYSTEM
. l. The B-2 is a strip camers with a 36" focal length lens designed
%0 operate at an altitude of 260 statute miles with & 70 ma format and 100 11/mm
systen resolution it is reasonable to expect a ground resolution of 20 feet, A
review of the Lockheed Engineering Analysis Report prompted concern about the
distinction betwsen resolution and recognition (Amex B). It is felt that 50-90
Teet tor recognition is a realistic figure., The width of the ground coverage
obtained is 17 miles and the information is transmitted electronically to the
ground, after photographic processing and scamning in space.
2, There are two different problems to which the E-2 is directeds
(a) the problem of covering the entire Burasisn land mass
(b) the problem of seeing a particular target,
The coverage obtained by a read-out system is limited by the spesd at which film
can be acmod, The number of ground stations, the bandwidth of the read-out
system, the weather, and the resoclution define the overall answer, |

StORET—



Total coverage with an E-2 system becomes economically wnsound, in terms of the
number of satellites raquired, the elaborste grounl system required, and the
complexity of both (Atnex C and D). For a single satellite to accomplish the job,

approximately 500 days would be required, ‘Taking weather and sun angle into
consideration, this would be .inor-ndtoyurl.' ‘In order to cbtain coverage of

a particular target on the ground with the E-2 camera capable of cbtaining coverage,

150 miles on either side of the nadi:_'point, mm;‘mm would be re-
quired. (Amnex F).

'3, Generslly the E~2 ommers system, viewed from technical advances
to date, is obeolete. It imposes such operstional limitations (swath-width and
read-out) to make satellite type operations econcmicslly and politically
unacceptable, The extreme sensitivity of the photographic system, the overall
camplexity, and the extremely close tolerances involved indicate that the
possibility of obtaining the technical goals and cbjectives mentioned in the
Engineering Analyses Teport j»e doubtful (Amex B),

VII. D. E-5> SYSTEM

1. The lens of the camers has an ¥/5 apersture, and & focal length
of 66 inches, Miniwom cperational ground resclution of 5-10 fest with recognition
for objects of 15-30 feet are expected, including degradation due to uncompmsated
image motdon and vehicle stabilisation residual, (1S5 11/me at 1S5m. mi.).
Film capacity is 250 pomds\(ils,ooo feet) standard base or 22,000 feet of thin
base film. The design is capable of being modified to accept 500 pounds. The
orbit 1ife is 30 days vith selected targets on demand. Coversge is 60 nautical
xiles swath width with the capsbility of stereo 15 degrees fore and aft, '

2. ‘The E-5 is programmed to be boosted into orbit by the ATLAS AGRMA
B. This is dictated by the requirement to kesp the vehicle in arbit for 30 days.
This in turn dictates an orbital altitwds of 180 miles, which in turn estsblishes
a miniwom weight basis, the leus parsmeters of F/S, the focal length of 66 inches
and the desirability of a horisontsl configuration (in sddition, the F/S sperture

—SECREF—
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is required to maintain depth of focus). The resultant nwn. of the mt-,
mluangnhul,oooul.zsopmds

3. A design that assumes a 30 day life does not seem to be as well
“natched® to weather conditions and intelligence requirements as could be obtained
with a hB-inéh ¥/5 package at 110 miles altitude or from a Si-inch F/5 package
uaing 75 feet of film. This would b§ more consistent with the weather (coverage
of large cloud free areas in 24~72 hours), political problems (paychological effect -
of a contimously orbiting reconnaissance vehicle over long periods of time) and

USIB requirements mentioned previcusly.
L. The launch schedule for the E-5 is one per month as followss

CY 61 = September and December

CY 62 - leeh, May, June, Sept-bor, and November,
Maximum time to obtain total coversge above 33 degrees (not providing for
weather or sun angle) is approximately twenty days and minimmm time to fly
within range of any target is approximately three days (camers is capable of
roll steering and may be rolled up to 30° for specific objective targetting).

5. The development of ground processing lnd date reduction equipment
for recoverable payloads appears to lag behind the development of the vehicle
system, Of specific concern in this area are the developments of restituticnal
‘printers, adequate mensuration equipment, and the automatic elimination of
redundant material, and/or information. .

VII. E. RECOMMENDATIONS

-1 SUBSYSTEM

l. Tat the existing E-l program is adequate,

2. 'That the program should ru-:l.n‘a_a presently configured and
scheduled (E-1 and F-1), In the event that one of the systems
malfunctions, the other system may yield useable R&D results,
and, to obtain experience in launching dual payloads for cover

_SEGRET—
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3. That, if possible, the Luunch schedule be expedited.

Le That the priority remain on the photo system, but not at the
expense of the ferret system.

E~-2 SUBSYSTEM _

5. | It.is recommended that the E-2 program bs limited to a maximum
of four vehiéles and be terminated at the end of CY-1961. It
is felt ﬂut a total of seven readout packages (3 E-1) is
sufficient to cbtain the RAD objectives and receive sufficient
material to evaluate for future RiD guidance in this area. It
is feit that this will allow sufficient overlap with the recovery
program to insure operational readiness of the latter,

6. It is recommended that studies and technical development programs
be initiated in the readout area that will allow for an adequate
readout system in the future 11' required,

Te It is recommended that the reduced effort in the readout area be
reflected in incressed emphasis on the early availability of a
recoverable system, md in the proper reduction of emphasis in
the appropriate ground processing, reproduction, and data
reduction systems,

E~5 SUBSYSTEM

8. That efforts be placed on the development of smaller camera
packages with higher resolution, and smaller dual payloads
(effective stereo for better target recognition, and measurements,
as well as for political and weather considerations)., Utilization
of all government organizations and facilities having primary
mission responsibilities in reconnaissance should be ukidiwed, \/

SEeRET
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It is recommended that every effort be made to provide the
users with adequate ground processing and data redustion
equipment in nfricimt time to have it operationally ready
upon recept af thbyrecovered film. |
Sincefhcm-ud.auonorfhemp-u photographic
reconnaissance, it is recommended that the vehdcle be doaigned
in such a manmer that it does not complicate and/arcompromise
the design and operatioﬁ of the camers.
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'VIOI. A. _SUBSYSTEM "I"

A genera.i impression has been created by the meager amount
of information available on Subsystem 'I" tint’ participation and knowledge
by the entire intelligence community and by the other contra.ctori in the
SAMOS complex has been limited, perhaps because it is not recognized-
as importang by the USAF. This situation has apparently resulted in a
lack of coordination which has hampered the system design. In addition,
it has been very difficult for cognizant .governm‘ent agencies to examine
in detail the procedures, the program, and the hardware of Subsystem "I".

There is no doubt that the principle of concurrency when -
applied to a ground data handling system of this type is a very difficult
principle to follow. The recommendations, made by this and other
reports regarding the shift of emphasis between readout and recovery,
should have a catastrophic itnpl.#t on a subsystem based on the re-
construction of pictures transmitted from a sapfdlite by a video link.

There are serious worries created by many briefings and
discussions as to whether the i.nterfa.cé between the collection and the
analysis has been properly taken into account.

It is not clear, and very contradictory statements have been
made, regarding the percentage of usage to be made of the modular
aigiul computer in the visual "E" an d ferret "F' payloads. For instance,

statements have been made by very high level Air Force personnel that
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the digital computer was mainly to be used for the analysis of ferret Elint
data but on the other hand Air Force briefing materials indicated that
only 4% of the total subsystem "I'" budget could be considered as applicable
to Subsystem "F'".
| As 2 result of premature initiation of hardware work, the state

of the art has nu-pailed certain lnboystein "I'" components while at the
same time the changes in the overall iyltem concept hve made other
componenfl of small use. There has been insufficient analysis of the
essential requirements of subsystem "I" during an R&D phase, and con-
fusion has been créated between the need. of handling R&D intelligence
"take' and the need for developing the necessary facilities for an eventual
operational SAMOS system. |

A substantial number of new problems must be assessed dnring
the R&D phase. These include the type of information collected, the
radical difference between recovery and readout requirement;, the con-
tinuously varying information rates, scales and scope of coverage, and
the problem of correlating the information with the orbital time. 1t is
evident that a carefully controlled experimental program is necessary to
solve these problems and it is very likely that interim solution will be
necenaryito handle some of the R&D intelligence i'take; "

On the oth;r hand, it is by no means clear that the program
has been handled on this basis; rather, the impression has been created
of a large scale effort toward heavily automated consoles. Also, uniquely

new digital computers have been developed 'per se' rather than in answer to a
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particular R&D problem, The change in the operational concept between
a warning system and an int.el].igence system should have had early and
profound influence on fhg work oi Subsystem "I", The June 1, 1960 letter
from General Wilson to BMD is a hte_,‘ recognition of this fact and may

not have been properly implemented yet,

Included in the development of Subsystem "I" is an elaborate

simulation program that seems not to have involved the use of actual

inteliigence data, This elaborate simulation program may have led to
wrong conclusions regarding the quality of the equipment because of the
obvious and very serious differences between simulated and real material,

Sub-tantinl differences in estimates of the expected signal environment by

various contractors is one example of this possibility,
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VIII B. RECOMENDATIONS

(1). Itubcmmtrmwrkonan-hIIcmnhh
preceded by immediats test and evaluation work to classify the
subeprojects into the following oategories:
8s Items which are, or sppsar likely to be, better than similar

devices slready availabls for general use. ‘rlu_oo should be
completed and made available to systems other than SEM0S.

b. Items which are, or sppear likely to be, indispensable and
available for a minmimum capability for thoiutorprchtion of
uumnuuum-aubommuwnimnm
also be completed. ~'

¢e Items which appear indispensabls for future handling of
recovery-payloads should be contimmed, if already imitiated,
provided they are general in scope and do mot limit the
ultimate system performence.

d. Immchappuuhndhdmlyhthwnngofm
data should be suspended. Since ELINT data from more than three
Paylosds is unlikely to become svailable in the next two years,
‘and since the relative importance of analog and digital dats is
under question, ELINT portions of subsystem I should be suspended
pending discussions between the Air Force, the different cone
tractors, and the ultimats users, aimed at determining to what
extent special purpose facilities are actually required.

(2). Tt is recommended that simulation programs be based on realistic rather
than idealistic concepts, and that the purpose of these programs be ome
of actual evalnation of the equipment, as it will operate in the future,

~
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rather than of displaying data and training operators on an wrealistic
bakis. '
It is recommended that the entire intslligence commnity participste in
all aspects of the subsystem I program, and that evaluation of the
system take into comsideration all other programs, both special and
conventional.
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IX.1. AHAI!SISOFTHEUSDWMSMMF.

A. It is felt that, at the present time, the USIB members could not agree
on the need for any specific or generalised capability required for immediate

/
e s

B. The USIB believes that "it is essential that the US have sccess to

information derived from electronic emissions inside of desired areas that, in
the present state of the irt, can be collected only by electronic recomnaissance
over these desired areas" and that the "RAE effort to achieve this capability
should be carried forward with the highest priority short of interfering with
the photographic tasks". Conversely, it is felt that the USIB document did
not require vieual photo effort with serious compromise of the ferret '
capnbmtieﬁ.
C. The USIB document also states that: |

"Our first and most urgent priority requirement is for a photographic
recornaissance system capable of locating suspect ICEM launch mites. It is
estimated thet meny sites for the launching of operational Soviet ICEM's will
be completed between now and the end of 1962, It is our strong belief that our
best and possibly our only chance to detect these sites will be during the
construction phase; once these sites are completed, we will have cpnsiderab]y
less opportunity to detect them. It is important, therefore, that a maxismum
effort be made to find the Soviet operational ICBM lsunch sites before the end
of 1962, Once any ICBM site is located, a satellite reconnaissance system with
adequate ground resolution should be able to maintain surveillance and report
changes in its status, but if these sites are not located before the end of
the construction phase, almost any recormaissance ‘systn would be of considersbly
less value against such a target. We believe that if we are to f£ind the Soviet
operational ICEM launch sites, our highest priority effort should be directed to
a general search of a substantial portion of that part of the USSR covered by
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the railroad net. Photographic resolution to accomplish this search mission
would need to approach 20 feet on a side. Rcéctitionotthisgmcdsmhat
the rate of appraximately once each month imitially would give us a relatively
high degree of assurance of providing the information required.”
D. In addition to the three specific tasks listed above (i.e-
R . - . . : =
that an additional requirement should be laid upon the ferret partion of the sub-
eystem calling for assistance to the visual payloads in meeting this most urgent
requirement of detecting missile bases under construction befors 1962, This

could be obtained with a reasonable degree of success by asking the ferret sub-

BE. It is clear that there are two sets of the requirements that to

is not ready to define until more camplete RLD data are available. The require-
ments in this category are: | |

1. Identification and determination of deployment of electronic weapons.,
Knowledge of m:: in deplaynmt can contribute a great deal

toward :I.pdieating enemy plans and intentions. This requirement
would involve the capability of maintaining periodic albeit
infrequent surveillance of the enayy deployment during the cold
war period. Capabilities for increasing surveillance during
periods of tensions would be required.

—SECRET
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F. The USIB doctment and most of the documemts . _
Committee of DDRAE in the past, after recognising some of the most wrgent
missions, put a great deal of emphasis on the B&D effort required to develop
the techniques necessary for effective satellite ferreting. |
It is felt, however, that in any BAD effort a preliminary and sound
concept of future operations is necessary. In section ____ of this report, / .
the serious consequences of a faulty operational concept were pointed out. '
G. Operational plans must be assumed, R&D programs then plamned or
executed on the basis of this assumption; operational plans must then be
amended as a consequence of the R&D findings, and so on. This interplay process
converges almost in all instances during the initial stages of a project.
H; Any R&D plan in ferret subsystems should make effective use of the
following facts: |
1., Ferreting is independent of cloud cover, darkness and weather.
2. No bandwidth limitation exists on most of the conceivable
operationalb take.
3. Ferret subsystems are part.ieu.hr]: adapted to the coarse
examination of large areas and surveillance thereof.
L. Ferreting makes onéw camouflage either very difficult or
outright impossible.
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I. It is felt that the following concept of operations can be used today
as a guide line of future RLD work (and is therefore subject to future amend-
ments before being acceptsble for actusl operational use). This plan is arm
according to the rules set by the USIB document either explicitly or implicitly.
| 1. Surveillance of Sino-Soviet territory will be a primary task

of any future operational ferret subsystem.
2. Bxamination of the Sino-sdv:let territory for all appropriate

r ty.
3. Specifically directed reconnaissance flights with special QRC
missions will be required at irregular intervals averaging twice
or three times a year. (This concept is not explicit in the
USIB report but is the necessary consequence of the requirement
particularly as related to anti-ballistic missile detection.)
R&D work should be conducted to permit the future use of QRC
procedures and to develop the techniques required not only for
long term surveillance but also for short term reconnaissance.

2. SUBSYSTEM "F" R&D PROBLEMS

B A problems present themselves and the work should be plammed

towards their early solution.

(1) Detection and analysis of key emitters in the present enviromment.




correct direction but insufficient attention was given to the problem until

recently.

Some problems of this type are anticipated, especially because of




(6) In-flight satellite calibration,
This has never been attempted before. Aircraft tests could be

used to test the technique.
() 8t enviromment.

sstellites of the

recormaissance and commmication types. We need to prove the technique; there
seems {0 be no reason why difficulties should appear: satellite tests are
essential.

(9) Real time paylosd sdjustment to correct errors or to switch in

alternate units.
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(11) Overall reliability of sstellite take.

A comparison of the received data with the mown parsmeters of
signals from U.S. radar, navigation aids and other emitters will be essential as
a means of establishing overall reliability of the dsta. Without this knowledge,
no confidence or validity factor can bc; established. |
(12) Feasibility and procedures to be employed by Subsystem *I".
There is little doubt that “subsystem I" will, more than ary oth_ar,’

be influenced by the results of the early flights and R&D techniques in collection.

development.

C. In addition to these technical problems, a mmber of operational qnes;
tions need to be answered before such requirements as those listed by the USIB
can be met; this is of course always the case with any electromagnetic collection.
The enemy®’s techniques, characteristics and tactics are fundmental in deter-
mining the changes neéesury in our original plans to achieve operational success,
A few of the pertinent questions are listed below:

1) Do the Soviets track our satellites?

2) Do the Soviets have a space surveillance system?
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It is important to note that the SAMOS ‘equipment as presently plamned
could do only a part -~ and, a small part at that -- of the work that the EB-47%s
have been carrying on along the periphery of the western world. If the missions

‘accamplished by these reconnaissance airplanes are easuﬁial to the country --
and if periphery flights were to become politically unacceptable, the present
eonce;pt of ferret SAMDS subsystem would have to be substantially modified.

3. SUBSYSTEM "F* RECOMMENDATIONS
A. It is recoomended:

1. That since the amount of expenditure allocated to the boosters is ont
of all proportion with that allocated to the payloads, that greater emphasis be
placed on the payloads, the ground system equipment, airplane and ground tests,
and test data processing. »

2. That the mmber of Atlas Agema boosters be reduced and as many
satellites as possible be based on the use of Thor boosters (with or without
clustering Sergeant missiles) for R&D tests.

3. That of the three F1 paylosds currently available, as many as sre
" necessary be flown singularly or in combination with an El payload, at the
earliest possible date, to achieve one successful orbiting ferret collector
(for at least 36 hours).

4. That of the four F2 payloads now under construction, as many as are
necessary be flown with Thors boosters to achieve successful orbit with two
payloads.

5. That in order to meet specific requirements mentioned in the USIB
document, a vigorous RiD program be initiated:

a) .




b)

d)

e) to provide for at least one flight with the above capabilities
in the revised deployment plan,
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X. MANAGEMENT NOTES

A. It is recognized that the mu'ngement of a program of this
type is not an easy task and that the technical difficulties are compounded
by the clamor for early intelligence in a variety of forms, by the multi-
plicity of payloads and by the national imforta.nce given to space projects.
In addition to these difficulties, serious errors in judgment regarding -
warning requirements (Annex A) and the cbntroverly regarding the relative
importance of an early result vs. an orderly R&D program interfered
very seriously with the management of the program. .

B. Further problems were introduced by the assignment of
the management of SAMOS to a group that, eminently successful in the
administration of ICBM, ex'tended ‘the same techniques to a different
project. The fact that the R&D techniques for this project had to be very
different was not, and is still not, fully recognized. The knowledge of
reconnaissance techniques and systems in BMD was limited to a very
small nummber of people. For thivl reason in particular, the management

group found it dificult to establish a position of leadership and became

‘responsive to a number of outside forces sometimes more important than

competent.

C. The fact is that, within the USAF, there are officers and
civilians with a very high degree of technical competence whose services
were neither sought nor welcome. There is also within USAF a well-

developed R&D management capl.bi,lity for projects of this type.
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D. For the above reasons, it is viewed with alarm the creation
of a new or-giniudm, either cutside or within the Air Force, that does not
use the talents available at WADD, Rome ADC and HQ USAF. It would also

be of concern if much confidence were placed upon the ability of an unproven

~ and not yet staffed organization like Aero Space in establishing effective

and efficient engineering supervision over the project. It is felt that

several months will be necessary before Aerospace's influence should be

"reckoned with and that this time will be requirgd to staff the organization

and to train its personnel into a new field of endea'vor. '
E. It is felt that Lockheed MSD has followed the instructions

of the USAF and that many of its apparent errors in management can be
traced back to BMD rather than to the prime contractor,

| F. The present knowledge of satellite launchings, stabilization,
deorbiting and recovery does not admit the rigid contract mechanisms
imposed by the AMC, Also, the intelligence reqﬁreMa roles that have
been‘playéd in this program at least since 1957 are unreal and confusing,
In the foreseeable future major experimental activity should center on
experiments, specifically to expend the knowledge noted above, Properties
of payloads and development of optimum photographic and ELINT mechanisms
should proceed concurrently but in a relatively independent manner,

G. Recommendations

l. Despite the errors of the present USAF managment
group, it is felt that lessons have been learned and that management will
improve, It is recommended that every effort be made to make the existing

organizations work rather than make radical changes at this time,
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2, Itis recommended that the‘BMD organization be
reinforced with more officers with reconnaissance experience and that
the positions occupied on the staff be consistent with the high priority
of the projects primary missions.

3. It is recommended that organizations like WADD
and RADC be brought into the direct management structure, that their
advice be given much greater weight than in the past, and that administrative
pfocedurel be revised to perxp.it response to special projects on a timely
basis. Outside appearances lead one to conclude that BMD has intentionally
avoided asking for advice from WADD and has often reversed the RADC
recommendations in a direction that events (as in the management of |
Subsystem I) proved wrong., If the above recommendation is unacceptable,
it is recommended that the appropriate staff sections of these organizations
be reassigned to BMD, |

| 4, It is recommended that pfelent management groups

be kept and not "'swept away" by a completely new crew that may have to
re-learn the lessons that the currently assigned personnel have learned,

5. It is recommend?d that, in the deliberations concerning
Lockheed Corp,, recognition be given to the fact that many of the apparent

contractor's errors are a consequence of policies, guidance and decisions

made by USAF authorities,
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WARNING

1. The nature of the warning problem is such-that it should not be allowed
to confuse, justify, or exert technical influence on the recomaissance satellite
system. The various degrees of warning not only imply, but are dependent to a
large degres on the known intentions of any potential enemy. Therefore, it camnot
be designed for. On the other hand, theinpozﬁnmofurlyndrélhblemning
to the national defemsive and offensive efforts is recognised. In order to
insure the highest quality results, the indicators of the imminemnce of hostilities
should be derived from each and all of the following intelligmce categories:

(2) scientific and technical, (b) econamic, (c) political, (d) military (sir,
gromd, snd ses), (e) sociological, (r) geogrsphic, (g) tgansporution and
td»mﬁi«ﬁm, (h) biographical. )

2. ‘This, in turn, becomes a national long-term(days-months-years) problem
involving all intelligence agencies, Close coordination of all activities and
compatibility of all systems is mandatory in order top rovide on a timely basis the
contributions that SAMOS may make to the above intelligence categories, The
urgency of a threat of any situation is dependent on the degree that it 13.
supported by all of the above factors in addition to. the extent that counter
actions have been taken during the build-up of the aituﬁ.m..

3. The question of timeliness as perteins to the evaluation of the SAMDS
end products should be studied very carefully. As pointed out previously, the
advantages of satellite reconnsissance are such that in a very short period of
time it can saturate any and all data reduction systems that are now in being,
Complete sutomation of the date reduction process could very easily hinder and
slow down the decision process particularly as pertains to the short range -
short term problems. Data reduction on a select basis and effective method to
eliminate redundant material is required. |
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SUBMSYSTEM S‘B‘Q PHOTOGRAPHIC SYSTRM PEZRFRMANCE
System Resolutions

The E-2 system's performance is quoted at 200 lines per mm high contrast

and 100 lines per ma low contrast. Conversion to measurement in object space reveals
discrepancies in the anticipated 20-foot recognition ground resolution. A high
contrast target (100:1) at 200 lines per mm yields a detectsble dimension of 8.7
feet or approximately 9 feet on the ground at a scale of 528,000:1 (300 statute
miles), However, it is generally accepted that to recognise an cbject, it must

have from 3-5 times the detection resolution. Therefore, this (8.7) 9 foot
dimension (detection) will be approximately 25-45 feet in sise before recognition
level is attained. Operationally cne is always dealing with low contrast targets
(and accepting the stated figure of 100 lines per mm), the accepted ground object
recognition threshold is not less than 50-90 fest. Therefore, it is more realistic

to think of this system as a 50-90 foot system than a 20 foot system when it is
required to identify and recognise cbjects. But before considering the E-2 as a
5090 foot system, it should slso be emphasized that the above conditicns are
based upoﬁ a static relationship of camera to ground, The effects of system
dynamics during the period of time for exposure further affect these mmbers and
are discussed in the body of this Amnex.

A final consideration of a mmerical description of the system deals

with photographs taken obliquely and the resulting image degradation,
Camera Orientation Problems:

he E-2 camera is basically a strip camera. The slit is oriented perpendicular
to the flightpath. The 70-mm film is then fod in a path parallel to the flight line,
and at a velocity equivalent to the relative ground velocity. Object and image
planes are thereby synchronised, and exposed by means of a slit in the focal plane,
The slit width and film velocity established the exposure time, with the forward

motion of the vehicle providing the “scan®™ motion. The camera is supported in a
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3-axis gimbal system so that the optical axis may be directed + 150 miles of
the vehicle nadir for preselected target areas. . '

This preselection and aiming are considered to be very difficult problems.
The transverse dimension of the film represents for this focal length a total
angular field of 3.2 degrees. Assuming a safety factor of 50%, a target must,
therefore, be angularly determined within a strip of 1.6 degrees from a vertical
beight of 300 miles. This represents an accuracy of approximately one part in
16.5 in each axis. It should be rememberéd that this accuracy must be simul-
taneously maintained in all three axis to kit the target. The 1.6° mst, therefore,
be considered the 3 sigma limit or at worse the 2 sigma limit i-m; at the
2 sigma point 27% (1-. 9 x o9 X o9) of the targets will already be missed. The
stabilization system which iz usually specified in rms {or the 1 d.gn point)
winhavet.obsgoodto «5° ™8 or ,8° rms depending on how many targets ome is

I A SR .
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willing to miss, The stabilisation system specified in 88 0S does not meet
these requirements,

One must further keep in mind that ell of the above pre-supposes no error in
position along the orbital track. Such assumptions should not be allowed to stand
in an active progran. s

It should be mentioned that both of the above difficulties (strict stabili- ’
sation and position along the track) are overcome by scanning across the treck :.
rather than along it, as is the case in other panoramic type camerss. In panoramic ‘_:
type camerzs, the entire section is scanned and errors in position along the track h:{
can be minimizsed by starting the cameras early. This insures target coverage ' ".\_5“; |
with a penalty in film weight proportional to the stabilisation and track position - bt
accuracies. The trade offs when viewed from a panoramic couﬁjunti.on are e;.ur. ‘f«
Since the panoramic method is supericr to the present E-2 method, the E-2 method 8
should be changed. In additiom to accuracy, it is also interesting to examine ‘ "‘
stabilisation system rates, they are: | L . ‘:

g e
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Roll: 2.1%/win,

Pitchs  2.4%/min,

Yaws h.h.°/l‘_l.n. |
A roll rate of 2,1°/mimte corresponds to a_m of 126 arc seconds/second, or
1,26 arc seconds.in an exposure of 0.0l second. The 1,26 arc seconds represents
a ground motion of appruximately 9.6 feet which alresdy borders on deteriorstion
of supposed 20-foot resolution, for this represents the blur component along the
photographic slit sxis. Notice the motion is not corrected by IMC; it is striotly
stabilisation motion. By the same token, the pitch axis component contributes to
motions not corrected by IMC, which in turn contributes about 10 feet of image
blur in the film feed direction. o

Viewed snother way, a twenty (20) foot cbjecton the nadir at sn sltitude of
300 miles represents an image on the film of 0,000k inches, or microns. Accepting
for the moment the criterion of 60% image motion campensation, the residusl '
acceptable blur is but L microns. This means that in 0.0l seconds the stabilisation
equipment mst not contribute as much as 4 microns of motion.

This degree of accuracy is not presently available in the E-2 system,
Vehicular stabilisation required is approximately 0.5°%/minute.

Weather Problems:

Despite the fact that much dats exists regarding cloud cover, no true
operational level of pu:fornnco is stated for the E-2 system. The operational
performance section does not mention the effect of hate (industrial or natursl)
which effect end performance,

From available weather data, it has been determined that spproximately 50%
of the aresa of the USSR is cloud covered most of the time. At least LOE of the
remaining areas are determined to be partially cloud covered, Only 20% of the
entire area is considered open and clear, and this on a rather sporadic basis as

3
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related to moving cloud pattern,

mmmopentumabuuotpraehcudurgetm. Thereare
no sensors aboard which provide remote ground indication for the presence of
cloud cover. This is a problem of special importance in the -2 photographic
system, because the angular field of its f£ilm record is just 3.2 degrees square,
It is, therefore; not at all inconceivable that cloud cover can completely
obscure the full field angle of 3,2 degrees,

Moreover, this may occur even when a normally usable condition for coverage
of 0.2 to 0.3 cloud cover exists. There also exists the problem of narrow angle
lenses cbliquely relsted to the cloud cover. Solar position under these conditions
is important too, for the sun st the incorrect angle to the cloud opemings will
provide undesirable shadow on the ground scene below the opening. Such a condition
makes it difficult to get overlapping photography. The probability is quite
low that one can accurately locate a single exposure through the cloud openinga

Exposure Criterias

High resolution photographic systems are particularly subject to deterimﬁon
as a result of motion. The greater the resolution, the more rapid the dn‘bcrimtion
in the enviromment of motion. As the photographic scale decreases (smaller image
size) the reduced contrast also contributes to a lowered performance of recognition.
The slit camera does have one unique characteristic which sets it apart from

" all other camerss—s non-dynamic shutter capable of very short exposures. There
is no cheaper or more relisble means for minimizing the effects of motion than
fast shutter speeds, This important and useful characteristic ‘of the slit shutter
has been compromised by choosing a very slow mxlgion, which has high resolution
capability to be sure, but forcing complex and exacting compensations (effects
described earlier) to make a strip camera useful at exposures of 0,01 second,

Mext exsmine the problem of camera uxpoeure control. The camera is provided
with a glass plate in the focal pltne. upon which metallised slits are plated,

4
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This method was employed to minimize the problem of slits which are diffioult
to maintain in parallelism at narrow separstion. The sﬁt phte.il capable of
indexing & variety of slit widths to provide exposure ocontrol (lens apertars
at uﬂu. opening), and is subject to pre-programmed command dictated by course
and ground cover., This system cannot, however, provide the necessary control in
the presence of cloud cover. Here it is necessary to deliberately overexpose in
order to render the lower reflectivity ground scene usable. The present system
does not accommodate this éondit:l.on nor does it supply the necessary sesory
devices to make this possibls. '

Filus |

The film, SO 24.3, is a modified version of microfile, and emulsion know for
its inherently high resolution and low speed. Choosing an emulsion of more
reasonsble resclution coupled with high emlsion sensitivity would have substantially
lessened the design and control burden and affected a realistic compromise reeulting
in a higher resolution output.

Optical System Window:

No sufficiently detailed optical description is provided so that one may
determine if the lens system window has been considered as a part of the basic
optics. The matters of concern relate to the fact that in operation the optical
system window is both preénrxud and heated to maintain the desired environment.
With no detalled knowledge given it is felt some mention should be made of the
effect of window quality, heating and pressure loading.

The pressurization level is stated at one atmosphere of nitrogen. Assuming
a 10-inch diameter window, the total load upon the window is 1100 pounds approxi-
mately. A lower pressure (1.5 psi) would surely suffice, Unless the window
thickness is sufficiently thick to withstand this load, the window will become
bowed and its zero lems power characteristic éhtnged. If lens power is so
‘introduced, it may be of suwch magnitude as to shift the focal plane position,

5
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This is important in view of the extremely narrow range of critical focus.

The lens system window is critical, under load, for internsl stresses (from
tempersture gradients and/or pressure) can approach such magnitudes where its
resultant quality sets the resolution limit of the emtire optical system, It is
essential that the window be kept in a stable condition, for the existence of
thermal gradients will vary the quality until such time as the window resumes
thermal stability. This means different characteristics for different photographs
until atability has ngain been reached. |

The present IMSD procedure for'groun'l collimeter tests of the E-2 camers
does not provide that the camers be pressurized to match the expected spaceborne
situation. This should be remedied.

Ground Control of Resolution:

The BE-2 photographic system provides for command control of resolution. This
is impractical eince there are too many parameters which enter into this end effect.
For example, a focus control and image motion coWaﬁm control are provided
and this directly raises the question as to whether an opmfor at a remote conscle

on the ground is able to determine which of these two are in error. How is the
operator to know if the difficulty is thermal stability, window effects, mis-
aligment due to launch forces, etc.? In the bsence of resolution targets momewhere
on the ground, it is virtually impossible to make an adjustment in resolution remotely.
This operational mode required redefinition and evaluation.

Sterdo H

Brief cooments are also included in the E-2 report regarding the availlbm'by
of stei-eo photographic coverage at angles up to + 17 degrees, It is not at all
' clear just how camera orientation is programmed for this purpose. Intuitively,
the value of such stereo is questionable in v:l.e.w of the involved gemmetry. It is
considered doubtful that such hcight data could be of value unless points of known
elevation are located in the overlap area. On this basis realtive measurements
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wight be of some value, but.at best, questionable. A convergemce angio of 3k
degress at a scale of 528,000:1 (nadir only) cannot begin to provide elevation
detail much lees than 500 feet. This is not considered wortimhile in the light
of the equipment complexity required to provide this motion, smince in the light
of the complex aiming problem previously discussed above, it is doubitful that the
two photographs required could actually be cbtained,

Processing Limitations:
The chemical processing in flight involves the use of monobath solutions.

There is no doubt that if a data link is to be used that this be the process used.
The monobath process does affect the latent image resolution, for unlike conventional
processing, it camnot provide the campensation for contimicus gamma and density
control. On a film recovery basis there is no doubt but that conventional processing
with the close comtrol availalis, will yield desirably higher results than a
monobath process. The ground process would cnh compensate for the unexpected
variations of airborme exposure,

Film Scan Methods p

Subsequent to monobath processing and drying, the film is then presented
in a gate to be scanned by a flying spot scamer and related optics. Here image
resection occurs. The 2x2-inch frame is then scanned in 0,1 inch x 2 inch strips
for the data link transmission. 7This means that in a 2-inch fram length, the system
deliberately introduces 19 breaks in image contimuity. Assuming a 1% linearity
(sweep) the abritted (missing) areas can vary by + .00l inch, or + Lk feet at
each scan section interface. This appears most undesirable,

~SECREF—



o SHMT- o

ex C

I. Read-out Limitation Due to Scan Rate = 6" film per minute

No Read-out Stations 3 2 1
Read-out Time/Station ' 66 50 25
(Min/Day) '
Film Read-out/Day : .
Inches 396 300 150
Feet 33 25 12.5
Iinear Miles/Day | 2,790 1,860 930
Sq. Mi./Dey k7,430 31,620 15,810
Average Length of -
Flight Line (Miles) 2,000 2,000 2,000

Average Number of
Times Over Each
Flight Line to ,
Obtain Coverage : : 1.07 2.15

(Russian Block=160°)
19.2 M Sq. M.
No. of Satellite
Days Required for

Coverage hhh 666 1,333
Weather Degradation
50% 868 1,332 2,666

' Period Degradstion
Control Degradation
Reliability Degradation
Film Size = 2,75" x 12.5% (150%) _

150" ¢ 2.75 = 54.54 (the number 17-mile units in 150%)

S4.5h x 17 = 930 (linear miles forward direction)

Single frame = 17 mi x 930 mi or 15,810 sq. mi.
II. The effectiveness of VAFB as an operational T&A station is questionable.
The amount of read-out will depend upon the type and amount of activity
at the Pacific Missile Range, and the degree that the electromic radistions
of these activities interfere with subsystem H reception.

SEGRET—
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In comparison a 70mm recovery system will cover "_’73.000 sq.mi./dsy and
16,000 linesr mi./day. The mmber of satellite days required to obtain
total coverage would be 72. Degraded 50% for weather, the total would
be 1hli. Degradation due to period, control and relisbility is not as
great or as critical because of the fewer mmber of days required. If |
the satellite is recovered in a 2h-hour period, it will show a gain of
6 to 18 because of the read-out limitations.

Using a pancramic recoverable system with the capability of a 150-mile
swath, the comparison would be:

16,000 linear miles/day

2.4 M square miles/day

8% satellite days would be required to obtain coverage

17 uteilite days would be required if weather were considered
The degradation due to period, lack of control, and reliability would
be substantially less because of the wider ares of coverage obtained
resulting in a fewer mumber of vehicles requiring a fewer mmber of days

—SECRET—
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Perforrmance focal

lqmgth
Altitude

Strip width miles

Aperture

#* Ground Resolution
 System Resolution

Shutter Speed

Center Scale

Life Min.

ected

R&D (days
Coverage/Vehicle

Life (ind endent

of weather

Film Size

Effective Stereo

én

260 mi.
100t

106 11/mm
100

L.o

1/50
3 x 10%

15-30

12 x 108
Sq ML

70 mm
1200¢

36"

260 mi.
20?

100 11/mm
17

L.0

70 mm
x
y5201

ghn

5 P

66!: ghu

180 mi. 127 =i,

g1 25!

100 13/mn  60-100 11/mn

60 150

5.0 5.6

1/70-1/700 1/300-1/2000

7.5 x 10% 3.5 x 103

30 1-h

15-20 x 10° Can carry

Sq Mi only 1l dly
7. 3 x 106
Sq ML

o 70 mm

x x

15-2200¢ 2500°¢

Yes No

* Distance on ground subtended by one photographic resolution line.

Recognizability usually requires 2%

At the present time, the 2" system listed above has the following growth

lines.

potential and could possibly result from mi.nor changes:

36"
fan

36n

12 ni,
61

140 11/mm
300

-~ 3.5

1/4000
2.5 x 10b

1-L

llth’.[énflé

Sq Mt

Total

5"
x
1500

Yes

(1) E; addition of a 36" F.L. lens with a system resolution of approximately

(2) A 100% increase in ground coverage due to increased film width and
capacity (70 mm to 5%).

(3) A higher relisbility factor by cutting the mmber of frames or exposure

by 50% for every pass.
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Mesn mumber of B-2 Satellite days required for photographic coverage with a probability
of 0,95 for fixed (17-mile widse) and trainable (75, 100, 200, and 300-mile wide swath)
cameras for specific locations, for a winter month (Jan) and a swrmer month (July) for
orvital inclinations of 83° & 70° (without illmination degradation effects) and given
15% revolutions per day. .
Photo .
Width Orbit Month Moscow Sverdlovsk Iricatek Novosibersk Astrekhen Pekin
17 70° Jen. 175 125 ° 60 ns 195 70
Jul. 125 9% 12 105 90 160
83° Jan, 200 L W0, 105 125 235 95
Jule Uo s 125 ns 95 165
s Ja, ko 2 B 2% I 16
. Jul. 28 22 30 2} 20 36
83 Jan, 48 32 2 2 [N 22
Jul. 32 2 28 26 22 38
- % = 5 2% 2
00 g3 o) o 1.3 ~7 - 13
. Jul. 2 20 a 19 16 28
R~ N f M 9 % X
e T g —5 'a -
Jul. 12 10 10 .10 8 b}
- B
o . 9
300 . 12 6 A 13 Se
8 na. e 8 6.5 7 6.5 ] 5.8
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